-E_m / The SpacePy Team:
S p a C e p y Steve Morley, Josef Koller, Dan Welling, Brian Larsen Spacepy

and Mike Henderson
Data analysis and visualization tools for the space sciences

(ISR-1, Space Science and Application, LANL)
email: spacepy-info@lanl.gov

Drivers and Dst: Multispecies & PWOM

SpacePy is a package of data analysis and This level of use brings a wide community all | Why should I use Python? iy
visualization tools. It includes implementations working on developing for the language. Python | Python is a very widely-used, modern 4
of widely used empirical models (plasmapause, has great support for numerics, statistics, O  pProgramming language. |t'$ free as in beer, and (- o ggﬂ
magnetopause), statistical techniques used plotting, regular expressions ... just about (G free as in speech. It has immense community T
frequently in space science (e.g. superposed anything you need. Python is a scripting —1 support. It's got fast numerics, good integration O st 3
(;h epoch analysis), and interfaces to advanced language and has great bindings to almost every -I(—UJ for other ]anguages (like C and FORTRAN) and is -
A tools such as electron drift shell calculations for other language. Including C, C++, Fortran, R, = platform-independent. — -]
O radllatlpn bglt .stucljllest.l Sptace|P3:c also prowdis etc. is easy. <= How easy is it to learn? >
daNalySIS anad ViSuallZzation tools Tor components _ . _ : :
O fiho S Weather Modeling F < ( Since Python is a good “glue” language, it's well — \(ery. In fact, much of the plotting syntax is very al
(O Of the Space Vweatnher Modeling Framework {€.g. - - " () similar to MatLab. One strength of Python is O,
O BATS-R-US, RAM-SCB). placed for use on big projects, but it's easy and =  ihat it " d and write — it reads al : U
N fast for small jobs too. SpacePy was developed ~ I'ka S edasy 8 rlea and write - It reads almos ©
SpacePy lets you work easily with different time so that the routine analyses we do in space Q IKE PSEUdOo-Ccoae: o
) formats, coordinate systems and file types. But science are as easy as possible and of as high U Is it interactive? @p) _ 9
1 it's not just for data - model results are easily quality as possible. Sharing high-quality reusable >  Yes. Python can run scripts on the command i) [t IDRLEENNNSRPRPEEELS
(0 Parsed and handled in SpacePy. In fact, if you code boosts productivity and that's what — | line, or you can work in an interactive session. A el
| use the Space Weather Modeling Framework, SpacePy is for. And it's all free! 42 good basic shell is iPython, but IDEs like Eclipse, peremeten S |
; most of the components are supported iIn D NetBeans and Spyder all have good Python Inputs and boundary conditions for RAM-SCB with the polar wind
SpacePy. | . . ? m support including tab completion, syntax outflow model. From Welling et al., submitted to JGR, 2010.
. highlighting, etc.
So far, the SpacePy team have been using the WhO S USIng It . ghiig J
package to do a lot of science: radiation belt | Can | read my old savefiles?
modeling; statistical studies of the radiation opacePy Is brand new, but , ____resmmmonson Python has good support for HDF5 (MatLab Wﬁ
belts using GPS; L* calculations; analysis and S @lready peingusedior . ) 1o =y fee V7.3+ save files), SciPy has a function to E BN, e IR
visualization of BATS-R-US runs (coupled with (see figuise;) ar?dawill ge jpE S5V s @ read .mat files up to v7.1. The IDLsave module gggﬂm 9
other codes); even just rapid display of OMNI used in the'RBSP ccience TR can read IDL binaries into Python. Additional o M|
data in meetings! operations center — orridrectonaln T formats Python supports include: netCDF, SQL, w 4
| ‘ o Excel, CSV, ASCII. SpacePy adds CDF support. e e—
So what's in SpacePy, and what does the name At LANL there are already : o . . .0 ;
mean? 12 users, and colleagues ¢ Can | ma Ie GUlIs: 3 i“_lwb ]
from other institutions R - Yes, and it's easy! There are plenty of free tools . 4
SpacePy IS ertten In .Python (he.nce the namel) have expressed interest. Omnidirectionlal?‘Fqu for GUI d?Sign that Wi” bUiId COde for Qt4, GTK+ c éé_% - - 3
and, as such, has as its foundation the world's | N and wxWidgets.
7™ most popular programming language! For Already one paper using | 1- and 2D superposed epoch anal f sol
: il w2 : : perp epoch analyses of solar
comparison, MatLab is #18 and IDL isn't in the Spaquy has been H 0 There's also great web and netwqulng support wind/geophysical indices for a set of 67 stream interfaces (left)
top 50. published and two more || . | LB and easy to use CGl and databasing support. and GPS-CXD electron count measurements. The 1-D plots
have been submitted. show 95% confidence intervals for the plotted medians and
SR Rlam Resaln, IQRs. From Morley et al., Proc. Roy. Soc. A, 2010.
>>> import spacepy.omni as om >>> from spacepy.seapy import * : >>> ] t bats.bat bat
>>> import spacepy.time as spt >>> import spacepy.omni as om >>> From Spacepy_lmport radbelt as rb 1mPoi pybats.ba s\aé ats |
_ , >>> import datetime as dt >>> obj bats.Bats2d( filename')
>>> ticks = spt.tickrange('2007-03- >>> import spacepy.toolbox as tb P ' '
>>> r = rb RBmodel() >>> obj.regrld(0.25, [—40, 15], [—30,30])
07T00:00:00', '2007-05-16T00:00:00"', 1./24.) >>> epochs = readepochs('epochs.txt') ) : >>> ob4 £ £ St Syt S
_ — _ . . >>> starttime = dt.datetime(2003,10,20) obj.contourt(ax, X', y'y Pp')
>>> data = om.get_omni(ticks) >>> st = datetime.datetime(2005,1,1) ) _ >>> ob-.add bod
— _ . . 4+ >>> endtime = dt.datetime(2003,12,5) Obj.add body(ax)
>>> en = datetime.datetime(2009,1,1) .- _ _ Lj) >>> ob-.add olanet field(ax
. e : : B >>> delta = dt.timedelta(minutes=60) J- _Db _ (ax)
>>> fig figure() > >>> el1nds, olnds = tb.tOverlap([st, Cl) . . . I—
— >>> ax0 = fig.add subplot(211) en],om.omnidata[ 'UTC']) EI] >>> r.setup_tlcksfstarttlme, endtime,
Z all . - . o . delta, dtype="UTC') <L
>>> >>> omnilhr = array(om.omnidata['UTC'])[oinds] O oo 1
:EE ax0.plot(data['UTC'],data['Dst'], 'r-',1lw=1.5) (O >>> delta = datetime.timedelta(hours=1) G oas r.ezotvei? —r4.11 EIJ Pressure (nPa)
(:) >>> axl = fig.add_subplot(212) QD  >>> window= datetime.timedelta(days=3) r.plot(clims=[4,11]) >
>>> axl.plot(data['UTC'],data['velo'], 'k-', Lf) >>> sevx = se.Sea(om.omnidata['velo'] CI: al
lw=1.5) [oinds],omnilhr, epochs, window, delta)
>>> ax0.set ylabel('D$ {st}$ [nT]') >>> sevx.sea() e : :
>>> axl.set_ylabel('VS$S_{sw}$ [km s$"{-1}$]1") >>> sevx.plot(epochline=True, yquan='V$ {sw}$', A1-Dradmjdmy&onrmmkﬂswnmanonof -
>>> axl.set xlabel('UTC') xunits='days', yunits='km s$"{-1}$") the Hallowe'en storms of 2003. S
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o more advanced output DY In 2003
) SpacePy has been developed and tested on both Linux (Kubuntu 9.10, 10.04 and
9 Los AI amos OpenSuse 11.2) and Mac (PowerPC and Intel-based). SpacePy has been tested on a
range of Python installations including the Enthought Python Distribution and Python(x,y).
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